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cloned products. This procedure led u> the identification 
of five genes with depot-specific expression in either 
males alone or in bosh sexes. 



MATERIALS AND MO HODS 

Snhptcts 

The obese subjects (7 males and 11 females.) included were 
members of a subgtonp of patients participating in a cluneal trial 
of adjustable gastric handing (7) ■ From these subject.*, it. was pos- 
sible to obtain fai specimens from omental as well as subcutane- 
ous adipose tissue (the latter was taken from the surgical inci- 
sion). All subjects were (Caucasian and born in Sweden, Except 
for obesity, they were healthy and did nor. use any regular medi- 
cation. Clinical data are recorded hi Table 1. The study was ap- 
proved bv die Kthics Committee of Karolinska Institute. Stock- 
holm, Ail individuals gave informed consent to participate in the 
study. The patterns fasted from (0 PM die da)' before surgery, 
and only saline was given intravenously before adipose tissue was 
removed, which took place at the beginning of surgery. A tissue 
specimen (■"■'lit g) was taken from the abdominal surgical tnd- 
sion (subcutaneous fat) and from the major on art stuns, Premedi- 
cation and general anesthesia were given as described (7), The 
specimen was immediately it ween in liquid nitrogen and stored 
at -lifi'j. Subcutaneous and omental adipose tissue from one 
male patient with extreme abdominal obesity seas chosen for the 
procedure of subtract.ive cD.N'A hvhridr/.auon using RDA {H). 
This patient, was selected from 16 of the above-mentioned pa- 
tients who bad undergone an abdominal com p uteri zed tomogra- 
phy (CT) scan prior t:o surgery 1 ri.he remaining two subjects could 
not be investigated by CT for technical reasons), Intra-abdomi- 
nal and subcutaneous fat areas were determined at vertebrae 1.4-1.5, 
We selected tiie subject that had the greatest hura-abdomi- 
nafrsnbeut tmeotis adipose area ratio. He was 5? years of age and 
had a body mass index of ¥j kg/m ! . His proportion of viscera! 
versus total adipose area was o3% <"426 cm A viscera! fat: area. 352 
cm" subcutaneous lirt area! and. wttist-t>:>-!iip ratio was 1.10. In at- 
tempts to verify differential gene expression, we used a pool ol 
patient samples to mnumixe biological noise. Adipose tissue 
from f> ntaics and i i females was used to prepare female or male, 
or visceral or subcutaneous RNA poofs, respectively. 

RNA preparation 

Subcutaneous and omental adipose tissue from individual sub- 
jects was homogenized, and total RNA was isolated using Tnzol 
reagent (Life Technologies, Inc., Grand Island, NY) according to 
tiie protocol supplied bv the manufacturer. The quality c>f the 
RNA samples was ascertained on denaturing agarose gels, and 
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the concentration was determined speetmphotonietrieaiSv. For 
verification of RDA results, lbt.tr RNA pools were prepared. 
Equal amounts of total RNA were mixed to generate omental 
and subcutaneous RNA pools, using starting snateriai from fi 
males or i I females. 

c'DNA RDA 

cl)NA RDA was performed as previously described (Si, One 
hundred thirty microgmms of total RNA front snbeutaneous or 
omental fat tissue, respectively, was used to enrich poly (A) +• 
RNA {tis.RNA) using oligtu'deoxythvniidine) pararsiagtsetic !x-ad.s 
{Jivna! AS, Oslo, Notway). eDNA was syttthest^ed using a kit pur- 
chased front Promega Corp. (Madison, Wi), 

<:l)NA obtained from subcutaneous and omental adipose tis- 
sue from the chosen male subject: was used as driver (subcutane- 
ous) and t«sw:r (omental;, or vice versa, to generate gene prod- 
ucts i representations} that, were induced or repressed in omental 
adipose tissue. After two rounds of subtraction and amplifica- 
tion, using te.s ten driver ratios of 1:10b and. 1:800, difleretice 
products (DP2> were visualized on a 2% agarose gel. Alter being 
excised and ehaed from the gel, seven bands were cloned into 
the Bafdil site of the pBhteseript U SR t vector iStratagene, La 
jolla, C\>. Between 96 and 140 isolated bacterial colonies were 
picked front each excised gel slice and. grown overnight: In 1,5 ml 
Lttria-Rertani medium. Piasmid mhiiprepamfioriH were made us- 
ing the Wizard system (Promega <a>rp,.t. 

Setpietice tmalysis and ftuictiooa! annotation 

Setpietice analysis of differentially expressed cONA j.vro«iucts. 
in total 768 cioties, was pedontted using- cycle sequencing wtt.h 
dve-labeled nudeondes (Btg-Dw, Perkin-Elmer Corp.. Notwalk, 
t.T) loaded on a PL Applied Biosystems ;S77 DNA sequencer 
(Perkin-f.ltner Corp.). Rt'fdundancy analysis and vector clipping 
were performed using Staden package data processing programs 
(Uj. The setpietjces were a.naivy.ed for bornologies with published 
sequences in the nonrednndant and expressed setytteticti tag 
(KST) divisions of the public databases of the National Center 
for Biotech nology {nlormat.ton using the Blast N/X software 
(10). < 3on.es with more than one gene sequence were discarded. 
OnSv .sequences longer than 50 bp with mote that) 96% homol- 
ogy to known httmats gettes or hSTs were accepted for annota- 
tion. Sequences with no hit were also tested for annotation in die 
CeJera database. Functional piedtettoit was performed by using 
the information at Unigetxe (http://www,nd>i.nlro.nih.gov/ 
Untgene/). Otibtie Mendeiknt Inheritance itt Man iOMIM), Ltjcns- 
litik, and Mediine databases. 

Generation of micro array chip with the cloned 
RDA. products 

Minipreparaiions <if the clotted RDA products were lutiher 
i'CH amplified asing veesor-speeihe primers TS and '17, The am- 
plified inserts, each produted by two pooled .100 pJ PCR teac- 
tiotis, were purified bv ethattol precipitation and resuspended in 
40 txl 3 X SSC, and 1 u.1 1% Sart.osy! was added to each done. 
Each PCS. product was cheeked on an agarose gel. Products that 
showed double bauds were omitted from further evaluation. The 
amplified KBA products were printed on CMT GAPS amino si- 
iavte-eoated slides (Corning, inc.. New York) using a GMS 417 ar- 
rayer (Genetic Mic.rosvst.ems, Wobnm, MA) wish four pins. 'To 
ensnre reprtjditctbtSity of hybridization, each RDA clone was 
spotted in triplicate at. citflerent. location* on the chip. Two 
hotisekeeptng genes, ^-atttn and CAPDH. were added as nor- 
mafiwition controls to allow comparisons betsveen chips, f.epttn 
cDNA was alsti printed as an externa! control. Af ter pruning, the 
slides were postprctcessed its described previottsiv {H\ and 
stored in a dark, dust-free box nnr.il hvbridiaaoon. Before hvbnil- 
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ization, the slides were pteSiYhridi,?ed in hvbridizauon huffier 
lf> x SSG 0.1% SOS, 1% BSAi aH2Xfor90 mus, 

Labeling and hybridization of RNA to the 
cDNA intcroarray 

The protocol employed for probe labeling and purification 
was essentially as described previously < I i >. Twenty micrograms 
of ioi a! SNA from the subcutaneous arid omental female or male 
pool was used to generate fluorescent!? labeled cDNA probes. 
The labeling procedure was repeated once, and dye swap was 
performed to avoid differences in labeling efficacy. Fluoreseemly 
labeled cDNA probes were svrniiesk'.ed by oligo-d l-primed re- 
verse transcription reaction, using Superscript If (Life Technolo- 
gies, loe.j hi the presence of otoclnwne-la.bcletl nucleotides 
(Cy3- or Cy5<onjng3ted uridine §' triphosphate. New England 
Nuclear) ill.;. Cyvk and C;y5-iabeied. c.DNA probes were com- 
bined and purilied using Microcon 30 fMilhpore}. The final vol- 
ume was adjusted to 15 pi, with hyhridixatiou buffer consisting of 
5 ■•' SSC, SDS, 10 jig polv{A) RNA, arid 10 p.g yeast tltNA. 
After heating at IQ0*C for 2 rain, the probes were added to the 
array and covered with a 22 X 22 ram cover slip (Grace Bio-Labs, 
Betid, OR). The: aixay chip was placed its a seated hybridization 
chamber ((horning), and the hybridization took place at SS^C far 
15-18 b. The array was then washed (11) and immediately 
scanned using a CMS 418 scanner { Asymetrix. Santa Clara. CA). 
The hybridr/.afiou was repeated once lor each comparison with 
inversely labeled probes. 

cDNA mtcrosrrav image analysis 

The lx$ and C\5 images were superimposed and analyzed us- 
ing GtoiePix Pro software (Axon Instruments, Union City, CA). 
The tret. fluorescent signal at each spot from Gy§ and Cy3 dyes 
was subsequently compared. Automatic, and manual flagging 
were used to localize absent or vetv weak spots thai were ex- 
cluded f mm analysis. The signal from each spot was calculated as 
the average intensity of the spot minus the background. As a cri- 
terion for distinguishing a signal from noise, we used a signal 
thai was greater than 1.4 times the background f!2>. For normal- 
ization iKSweexi chips, we used the housekeeping gene GAPDH, 
recently thorough}}' examined and recommended as a robust 
housekeeping gene hi adipocyte studies (13). Only transcripts 
that, had a Cy5:Cy'5 ratio higher ihaw 1.4 times the background in 
at least two of three spots {with the same c.DNA) were used for 
further analysis, file cutoff for selection of upregulated arid 
down regulated genes was set. to 1,5 <H. 15,). Onlv changes in 
gene expression that were reproduced in both hybridizations are 
presented. 

Statistical analysis 

X ihn s n< uk an " Sl> Winn nun and iwuiui v< u mtii- 
p,utd Student s uupaned * test wn emplou d Conn t nolo < hip 
an alms, sec previous seetion. 
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expressed gene fragrnents. Repeated subtraction and am- 
plification rounds yield an efficient depletion of ulMquiious 
gene fragments frotn both cDNA. p<:«pui;dk)iis, thereby 
ck»ti«g the genes that are most dtfferetutally expi-essetl. 

c.DNA RDA 

T<j search for differences in gene expression between 
subcutaneous and omental human adipose tissue that are 
snoxt relevant, for viscera! obesity, cDNA RDA wis per- 
formed on adipose (issue obtained from a man with ex- 
treme viscera! obesity. This patient, who was selected from 
among subjects who had titulergooe atxiommal CT, had 
the greatest intra-;ib<l<miinal:s»lx:ut;me<>ns 5idipo.se area 
ratio. Representations (digested artd amplified cDNA), 
generated from subcuianeous arte! omental adipose tissue, 
respectively, were used a.s driver arid tester, or vice vers;)., to 
generate differentially expressed transcripts, 'Hie RDA re- 
sulted in a reduction in complexity of the two cDNA pop- 
ulations ranging from the representations to the final DP2 
products (Fig. 1). VViien-as the rcjue.stmtatious sitow a 
smear of products ranging from 3(1 t.o 1 M'ii) bp, DP2 has 
clearly visible bands from 50 to 500 hp in size. To subclone 
as many different gene products as possible, three binds 
frotn DP2-sitbrntaiK"OUS and four bands from DP2-ortrers- 
tal were excised frotn die gel and subeloned individrtaiiy. 
Several ( 384) clones from each library were picked and se- 
quenced. After sequence alignments, using Station pack- 
age data processing programs (y), i:he sequences were at)- 
afyated for homologies with published sequences in the 
nonrechmdam. and EST di visions of the public databases 
using the Bias! N/X software f.10}. Out of 768 clones se- 
quenced, 44 unique sequences fulfilled our criteria for se- 
lection (see Materials ami Methods), They were annotated 
and functionally grouped according to Untgerie, Loeuxiiok, 
or OMIM, The linigene chtstctr kJennries of the sequences 
and the tunrtional groupings ate shown in Table 2, 
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TABLE 2. Annotation and del«:s.ian of eifNA dowrs ofxaint-d j« Rt>A 
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T]-te purpose of this Mudy was to search for novel genes 
f:!t;it tittty he 5s.nk.ed to a disproportionate atxiiniuiatioi! of 
adipose tissue in the abdominal tt j g'it«t. Pttivioos .siudev 
(18) have uted a candidal* gene apptx>ach to search For 
depot-spec the adipose gene expression. We tt-ed RP \ t<n 
tiiiTerentisti sa'eeoirtg. because it is a nietbo<! that ideo ti- 
nes geti.es that are expressed at different levels in one sam- 
ple over the other iti an unbiased manner. We chose to 
.search for differential gene expression between omenta! 
and subcutaneous fit!: it), a man with extreme viscera! obe- 
sity, because we assumed that we would be most likely to 
find genes of interest in such a subject. Seven hundred 
sixty-eight cDNA fragments that, after sequeiut t'Uitpati- 
sons, could be <:k convoluted t:o 44 iton redundant gene 
fragments were identified. Many of these had previously 
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Kg. 2. A schematic owrvicw at she RDA ajid n»k«>arr»y exjxiri- 
mmi. 'Tbc complexity of the R1'>A outpta was reduced by sequence 
alignments unci mluntlaiicy amtlyxix. followed by bioktgicai atwl 
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same approach, Boeut et al. (2:2) confirmed deferential 

expression for 30% of obtained RDA clones with minw- 

ray screening, 

I t is clear that our choice to sequence 768 clones iu this 
comparison did not fully reveal all differences. Concern- 
ing the cDNA-RDA technique, not all of the differentially 
expressed genes are necessarily enriched during the pro- 
cedure. Lack of Sau 8AI restriction sites in the mRNA may 
genet-ate less than 100%. coverage of expressed genes in 
the representations. Large representation fragments may 
not be efficiently amplified by PGR. Leptin, winch has a 
well-known differential expression with overexpression in 
subcutaneous fat, was not among the sequenced cDNA- 
RDA-dbnes. Nevertheless, the expected site difference in 
leptin expression was found in the control clone on the 
c.DNA mtcroamtn'. The fact thai many of the clones were 
found in onto a single copy makes one suspect that pick- 
ing and sequencing snore clones would reveal more 
genes. The PCR amplification step in (be RDA can in- 
crease small expression differences and enable detection 
of low-expressed transcript. The lower sensitivity of micro- 
array might then fail to verify these transcripts. An alterna- 
tive method including PCR amplification steps, such as 
real-time RT-PCR, might be more suitable, and the low 
RNA amounts needed couki also enable analysis of indi- 
vidual patient samples. 

Talcing into account the above-mentioned methodolog- 
ical limitations, it seems likely that the true differences be- 
tween subcutaneous arid omental adipose tissue are un- 
derestimated in this study. 

Although a certain caution is warranted, because our 
investigation is limited to roRNA expression {not protein) 
and the size of the biological sample is low, it is of interest 
to discuss the passible clinical relevance of our findings. 
Intra-abdominal obesity is usually associated wkh abnor- 
malities in the lipoprotein profile. We observed an overex- 
pression of PL.PT mRNA in the omental fat. in obese males 
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flamrnatory lesions, cardiomyopatfues, and cancer {zbh 
SI 00 protein content is induced in 8T3-I..1 cells during 
differentiation to adipocytes and released when the cells 
are treated with lipolytic hormones (27). The release from 
fat. cells is also stimulated by free fatty acids (27), and this 
stimulation can be inhibited bv insulin (28), 

We also found overexpression of achpsin in the subcuta- 
neous adipose tissue in both males and females. This find- 
ing is consistent, with observations reported by White et a!. 
(29), including high expression ofadipsin in subcutane- 
ous adipose tissue. Human adipsin i.s identical to comple- 
ment factor 1). The complement, system, consisting of •^■■20 
proteins, plays an essential role in nonspecific and iinmi.i- 
noiogicaiiy induced host defense. It is known that adipo- 
cytes are able to secrete the essen tial components of the 
alternative pathway: adipsin and factors B, €2, and 03 (22, 
30, Sit. Several of these factors (including adipsin) are 
precursors for adipose -derived acyiation-^timulating pro- 
tein, which i.s a key regulator of lipid turnover in human 
fat cells (52, m). 

Ras is a family of OTP binding proteins of die rho sub- 
family, which regulates organization of the actio cytoskek- 
1011 (34). The finding that ras C i.s differentially expressed, 
with overexpression in omental adipose of either sex, is in- 
teresting in light of the key signaling functions of ras. 

As shown in Table 2, we cloned several ESTs of un- 
known function. Only one of them fulfilled our criteria 
for differential expression, interestingly, it was detected 
and differentially expressed only in the male subcutane- 
ous pool. The cDNA-assigned PAC clone !2p!.3.3 was not 
found in the public databases. Search performed in the 
Celera datalxt.se showed no match against expressed tran- 
scripts. However, in the database section "human tran- 
scripts," which includes in irons and noniranslated parts of 
genes, a. 9-1% match against: gene hCG2-1218 on chromo- 
some 12 was found. This gene product codes for a calcium 
channel a2-53 suhunii with accession number AJ27221S. 
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